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Abstract
1
Lenstra Lenstra Lova’sz $\mathbb{Z}$
[7] A. K. Lenstra $F_{q}[x]$ [8]
$F_{q}$ $q$ von zur Gathen A. K Lenstra
$[11]$ S. Paulus [10]
[7]
$[8, 11]$ Riemum-Ro( [5] [3, 4]





(closest vector problem, CVP)
CVP $[$6, $2]$ $O(\exp(n))$ $n$








a2.1 (& $\kappa$ ). $n$ $v_{1},$ $\cdots,$ $v_{n}\in \mathbb{Z}^{m},$ $v_{t}=(v_{i1}, \cdots,v_{1m})(i=1,$ $\cdots,n$
$n\leq m)$ $B=\{v_{1}, \cdots, v_{n}\}$
$\Lambda=\sum_{1=1}^{n}\mathbb{Z}v_{i}$ .
22 $(\mathbb{Z}[x]$- $)$ . $n$ $f_{1},$ $\cdots,$ $f_{n}\in \mathbb{Z}[x]^{m},$ $f_{i}=(f_{11}, \cdots, f_{1m})(i=1,$ $\cdots,n$
$n\leq m)$ $B=\{f_{1}, \cdots, f_{n}\}$
$L= \sum_{i=1}^{n}\mathbb{Z}[x]f_{i}$ .
23( $l_{P^{-}}$ ). $v=(v_{1}, \cdots, v_{n})\in \mathbb{Z}^{n}$ $v$
$||v||_{p}=(|v_{1}|^{p}+\cdots+|v_{n}|^{p})^{1/p}$, $p\in N$ .
24( , $l_{P^{-}}$ ). $f=a_{n}x^{n}+\cdots+a_{1}x+a_{0}\in \mathbb{Z}[x]$ f
$f=(fi, \cdots, f_{n})\in \mathbb{Z}[x]^{n\text{ }}$ $B=\{f_{1}, \cdots, f_{n}\}\subset \mathbb{Z}[x|^{n}$. $|f|_{p}^{d}=^{ef}(|a_{n}|^{p}+\cdots+|a_{0}|^{p})^{1/p}$ , $p\in N$ ,. $|f|_{p}^{d}=^{ef}(|f_{1}|^{p}+\cdots|f_{n}|^{p})^{1/p}$ ,. $|B|_{p}^{d}=^{ef}(|f_{1}|^{p}+\cdots+|f_{n}|^{p})^{1/p}$ .
$P$ $||v||,$ $|f|,$ $|f|,$ $|B|$
2.5 (Zrepresentation). $f_{1},$ $\cdots,$ $f_{n}\in \mathbb{Z}[x]^{m}$





$v_{t}=((a_{i1,d}, \cdots,a_{i1,0}), \cdots, (u_{m_{2}d}, \cdots,a_{im,0}))$ .
$v_{i}$ $m$ $m(d+1)$
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21. $f_{2}=(7x, 6x+1,9x^{2}),$ $f_{3}=(5x^{2}+1,3x, 7x^{2}+2)\in \mathbb{Z}[x]^{3}$
$v_{2}=((0,7,0), (0,6,1), (9,0,0)),v_{3}=((5,0,1), (0,3,0), (7,0,2))$
26 $(Z$ $L_{Z})$ . $B=\{f_{1}, \cdots, f_{n}\}\subset \mathbb{Z}[x]^{m}$ $f_{1},$ $\cdots,$ $f_{n}$
$\gamma$
$\mathbb{Z}$ - $v_{1},$ $v_{20},$ $\cdots,v_{2\gamma},$ $\cdots,v_{n0},$ $\cdots,v_{n\gamma}$ , $v_{1}$ 1 $f_{1}$
$\mathbb{Z}- representation$ $v_{ji}$ $x^{i}f_{j}(0\leq i\leq\gamma, 2\leq j\leq n)$ $\mathbb{Z}$ -representation $\mathbb{Z}$ - $L_{Z}$
$v_{20},$ $\cdots,$ $v_{2\gamma},$ $\cdots,$ $v_{n0},$ $\cdots,$ $v_{n\gamma}$
1.
$d= \max\{\deg(fi_{1}), \cdots,\deg(fi_{m}),\deg(x^{i}f_{j1}), \cdots,\deg(x^{i}f_{jm})\}$
$(0\leq i\leq\gamma, 2\leq j\leq n)$ ,
$v_{1}$ $v_{ji}$ $k=m(d+1)$ - $L_{Z}$ $k$
3
$B=$
$\{f_{1}, \cdots, f_{n}\}\subset \mathbb{Z}[x]^{m}$ $g_{1}$
$g_{1}=f_{1}+ \sum_{i\neq 1}^{n}\mathbb{Z}[x]f_{i}$ . (1)
4 $g_{1}$ ( ). $B=\{f_{1}, \cdots, f_{n}\}$. 26 $v_{1},$ $v_{20},$ $\cdots,$ $v_{2\gamma},$ $\cdots,$ $v_{n0},$ $\cdots,$ $v_{n\gamma}\in \mathbb{Z}^{k}$ , $L_{Z}$
( $k$ 1 $L_{Z}$ ).. $v_{1}$ $v\in L_{Z}$. $v_{g}=vi-v\in \mathbb{Z}^{k}$ $v_{g}$ $g_{1}$
31 $Z$ $L_{Z}$
(1) Z-representation
3.1 (Z-representation ). $f_{2},$ $f_{3}\in \mathbb{Z}[x]^{m}$ $\mathbb{Z}- oepresentation$




31. 21 $f_{2}$ $f_{3}$ $f_{2}+xf_{3}=(5x^{3}+8x, 3x^{2}+6x+1,7x^{3}+9x^{2}+2x)$
$\mathbb{Z}$.representation
$((0,0,7,0), (0,0,6,1), (0,9,0,0))$ $arrow f_{2}$ Z-representation
$+)$ $((5,0,1,0),$ $(0,3,0,0),$ $(7,0,2,0))$ $arrow xf_{3}$ Z-repreSentation
$\overline{((5,0,8,0),(0,3,6,1),(7,9,2,0)).}$
(1) $\mathbb{Z}$-representation
$v_{g}=v_{1}+ \sum_{:=0}^{\infty}(\mathbb{Z}v_{2i}+\cdots+\mathbb{Z}v_{ni})$ . (2)




$v_{g}=v_{1}+$ $(\mathbb{Z}v_{2i}+\cdots+\mathbb{Z}v_{ni})$ . (3)
$i=0$








$v_{g}=v_{1}+ \sum_{1\vec{-}0}^{\gamma}(\mathbb{Z}v_{2i}+\cdots+\mathbb{Z}v_{ni})\in \mathbb{Z}^{k}$ . (4)
3.2 (CVP). $k$ $\mathbb{Z}$- $L_{Z}$ $t\in \mathbb{Z}^{k}(t\not\in L_{Z})$
$v$
$v_{1}$
33. $v_{1}$ $Lz$ $Aa_{\text{ }}$
. $v_{1}\in L_{Z}$
$v_{1}= \sum_{:=0}^{\gamma}(z_{2i}v_{2i}+\cdots+z_{ni}v_{ni})$ , $z_{ji}\in \mathbb{Z}(2\leq j\leq n)$ .
$f_{1}= \sum_{i=0}^{\gamma}z_{2i}x^{i}f_{2}+\cdots+\sum_{:=0}^{\gamma}z_{ni}x^{i}f_{n}\in \mathbb{Z}[x]^{m}$ (5)
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$f_{1},$ $f_{2},$ $\cdots$ , $f_{n}$ $\mathbb{Z}[x]^{m}$
(5) $v_{1}\not\in L_{Z}$ $\blacksquare$
$v\in L_{Z}$ $v_{1}$
$v_{9}=v_{1}-v$ (6)
34. (6) $v_{g}$ (4) $||v_{9}||\leq||v_{1}||$
. (4) $||v_{9}||$ $v_{1}$ $L_{Z}$ $v$
$v_{1}$ $\dot{v}_{g}$




32. $v_{9}=((1,0,0), (2,0,0), (0,3,1))$ $g_{1}=(x^{2},2x^{2},3x+1)$
3.5. $|g_{1}|\leq|f_{1}|$ .




41. $B_{1}=\{g_{1}, f_{2}, \cdots, f_{n}\}$ $L$
















I. $B_{1},$ $B_{2},$ $\cdots,$ $B_{n}$ ;i- $(i=1, \cdots,n)$
$g_{i}=f_{i}+ \sum_{j=1}^{i-1}\mathbb{Z}[x]g_{j}+\sum_{j=:+1}^{n}\mathbb{Z}[x]f_{j}$
$B_{i}=\{g_{1}, \cdots,g_{i}, f_{i+1}, \cdots, f_{n}\}$
II. $|B_{n}|<|B|$ $Barrow B_{n}$
$\{f_{1}, \cdots, f_{n}\}$
$\{g_{1}, f_{2}, \cdots, f_{n}\}$
$\{g_{1},g_{2}, f_{3}, \cdots, f_{n}\}$
$\{g_{1}, \cdots,g_{n}\}$ .
43.
. 41 $B_{i-l}=$ $(g_{1},$ $\cdots$ , $g_{i-1},$ $f_{:},$ $\cdots,$ $f_{n}),$ $B_{i}=(g_{1},$ $\cdots,g_{i},$ $f_{i+1},$ $\cdots,$ $f_{n})\in \mathbb{Z}[x]^{mxn}$
$B_{i}=B_{i-1}T_{1}(1\leq i\leq n)$ $T_{i}\in \mathbb{Z}[x]^{nxn}$ $\det(T_{i})=1$
$|B_{i}|\leq|B_{i-1}|$ $B_{i}$ ;















$v_{2t},$ $v_{3i}(0\leq i\leq 3)$ $L_{Z}$ $v_{1}$ $V\in L_{Z}$
$v=v_{30}$
$v_{g}$ $=$ $v_{1}-V$
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